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We study a type of an Unruh-DeWitt-like detector based on a vector rather than scalar field. This
detector has two energy states and produces Larmor radiation when there is no energy gap between
them. This setup indicates that Larmor radiation and Unruh radiation are two counterparts of
the same phenomenon. Larmor radiation is observed in the inertial frame, while Unruh radiation
is observed in an accelerated frame. The accelerated observer sees that his detector absorbed a
particle inside its own accelerated horizon, while the Larmor radiation is the companion particle
which leaves the accelerated observer’s horizon. Since the detection is based on the electromagnetic
field, this type of detector is much closer to the real world than a standard Unruh-DeWitt detector
which is coupled to a scalar field.
PACS numbers:
I. INTRODUCTION
Unruh-Dewitt detector is a theoretical setup initially
introduced by Unruh and DeWitt[1–6] to study phenom-
ena of quantum fields in curved spacetimes, or equiva-
lently phenomena observed by an accelerated observer.
Among the other things, this setup reveals that a uni-
formly accelerated observer in Minkowski space should
observe a thermal spectrum[1] with temperature Tu =
a
2pi , where a is the acceleration. This thermal radiation
is called the Unruh radiation. Equivalently, one can use
the same setup to study thermal radiation seen by a static
detector in Schwarzschild [7] and de-Sitter [8] spacetimes.
The root of Unruh radiation is acceleration. Since an
eternally accelerating observer observes a horizon (a re-
gion of spacetime from which no signal can emerge), Un-
ruh radiation is considered to be equivalent to Hawking
radiation which is caused by a black hole event horizon.
Since it is very difficult (if possible at all) to create a
black hole in a laboratory to observe Hawking radiation,
Unruh radiation can serve as a good alternative to study
aspects of Hawking radiation. Recently, it was proposed
that a high intensity laser can test the Unruh radiation
through its strong electric field which causes acceleration
of a large magnitude [9–11]. However, this proposal is not
straightforward, and different studies disagree about the
existence of Unruh radiation created in this way [12–16].
More work is certainly needed to clarify all the issues.
One of the problems in the original proposal is that the
model in question was based on a scalar field. In contrast,
when studying radiation from electrons one has to con-
sider photons, which are vector particles. However, so
far only two types of Unruh-DeWitt-like detectors were
constructed. One is a detector coupled to a scalar field
[1, 2], while the other is coupled to the derivative of a
scalar field[12]. In this paper we extend the construct
to a vector field. In our analysis, we reproduce the Lar-
mor radiation in the non-relativistic regime. This proves
that Larmor radiation is basically Unruh radiation. They
are the same phenomena observed by different observers.
This result agrees with earlier studies [17]. We then apply
the detector setup to a long time uniformly accelerated
charged detector. Our result shows that the spectrum is
related to Unruh temperature T = a2pi , but its form is
different from the scalar field.
II. UNRUH DEWITT DETECTOR
Unruh De-Witt detector is considered to be a point-
like detector which moves in a relativistic spacetime on
a smooth path x(τ) (where τ is the detector’s proper
time). This detector usually consists of the ground state
(|0 >D) and an excited state |1 >D, with eigen energies
0 and ω respectively. The detector is usually coupled to
a scaler field, φ, or the derivative of the scalar field, ∂τφ.
As an example, here we couple it to φ for simplicity. The
interaction is described by the following Hamiltonian
Hint = cµ(τ)φ(x(τ)). (1)
Here, c is a small coupling constant and µ is a monopole
moment operator. The probability of the transition rate
from |0 >D to |1 >D can be found from the first order
perturbation theory
P (ω) = c2|D < 1|µ(0)|0 >D |
2F (ω). (2)
Here, F (ω) is the detector’s response function
F (ω) =
∫
∞
−∞
dτdτ ′e−iω(τ−τ
′) < 0|φ(x(τ))φ(x(τ ′))|0 >(3)
|0 > is φ’s ground state. The unit time response is
F˙ (ω)|τ =
∫
∞
−∞
dτ ′e−iω(τ−τ
′) < 0|φ(x(τ))φ(x(τ ′))|0 >(4)
2If the detector undergoes a uniform linear acceleration
a in z-direction as
t =
sinh(aτ)
a
(5)
z =
cosh(aτ)
a
(6)
x = y = 0 (7)
, then the unit time response becomes
F˙ (ω) =
1
2π
ω
e2piω/a − 1
. (8)
From here we can read-off the temperature T = a2pi .
Therefore, an accelerated observer sees a thermal bath
radiation.
III. VECTOR TYPE UNRUH-DEWITT
DETECTOR
In this section we want to extend the construct to a
vector field type of detector. This detector is coupled to
a vector field, Aµ, in particular the electromagnetic field.
Such detector cannot be of monopole type. It must in-
clude a vector current, jµ(τ), which couples to the vector
field through the following Hamiltonian
Hint = eAµ((τ))j
µ((τ)) (9)
Here,
jt = vt(τ)δ(x)δ(y)δ(z − z(τ)) (10)
jz = vz(τ)δ(x)δ(y)δ(z − z(τ)) (11)
jx = jy = 0 (12)
where vα is the four velocity. We consider the detector
which moves in z-direction only, and has two eigenstates,
|0 >j and |1 >j , with eigen energies 0 and ω respectively.
The probability of transition rate from |0 >j to |1 >j can
again be found from first order perturbation theory
Pj(ω) = e
2
∫
∞
−∞
dτdτ ′vα(τ)vβ(τ
′)e−iω(τ−τ
′)
× < 0γ|Aα(x(τ))Aβ(x(τ ′))|0γ >, (13)
where |0γ > is Aµ’s ground state.
< 0γ|Aα(x(τ))Aβ(x(τ ′))|0γ >
=
∫
d3~k
2k(2π)3
ǫα(k)ǫβ(k)e−ik·(x(τ))−x(τ
′)). (14)
Here, ǫα(k) is the polarization of the vector field, and
it is transverse to kµ. The term ǫα(k)ǫβ(k) should not
be simplified to ηαβ since it is the external field which
includes only two degree of freedoms.
IV. LARMOR RADIATION
We now consider a small magnitude acceleration in a
non-relativistic limit, i.e. ∆x << ∆t and ∆t ≈ ∆τ . The
surviving term in this limit in equation 13 is the term
which includes only the z-component
< 0γ|Az(x(τ))Az(x(τ ′))|0γ >
≈
1
6π2
∫
∞
0
ke−ik(τ−τ
′)dk (15)
If ω = 0, then equation 13 becomes
Pj =
e2
6π2
∫
∞
0
|a˜(k)|2
k
dk (16)
a˜(k) =
∫
a(t)e−iktdt (17)
This is nothing else but non-relativistic Larmor radia-
tion [18]. This implies that Larmor radiation is just a
special case of Unruh effect. The difference is that Lar-
mor radiation is observed in Minkowski spacetime, while
Unruh effect is observed in a co-moving spacetime( fig.
1). Indeed, we can arrive to the same conclusion from
the equivalence principle. Larmor radiation and Unruh
radiation are just two complementary parts of the same
phenomenon - Unruh radiation is observed by the accel-
erated observer inside his own horizon, while Larmor ra-
diation is the radiation that leaves the observer’s horizon.
Larmor radiation is then detected by a non-accelerated
observer in Minkowski space.
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FIG. 1: An accelerated particle creates a horizon in its co-
moving frame. This particle emits a vector field which passes
through its horizon and becomes Larmor radiation. However,
the comoving observer treats the same vector field as the Un-
ruh radiation.
3V. LONG TIME UNIFORM ACCELERATION
We now consider the detector which is uniformly ac-
celerated for long time but not eternally. Its trajectory
can be approximately described by equations 5 to 7. In
this case
< 0γ|Az(x(τ))Az(x(τ ′))|0γ >
≈
−1
6π2
∫
∞
−∞
ke−ik(τ−τ
′)
e2pik/a − 1
dk (18)
The denominator is in the Planckian form, so T = a2pi can
be treated as a thermal temperature. The transmission
rate, equation 13, becomes
Pj = −
e2
6π2
∫
∞
−∞
|a˜(k + ω)|2
(k + ω)2
k
e2pik/a − 1
dk (19)
The response depends also on ω+k. This implies that the
energy, k + ω, is extracted from the accelerating source.
ω part is absorbed by the detector and k is released to
the event horizon and disappears from detector’s side. It
becomes Larmor radiation after it cross the horizon. One
finds that equation 19 reduces to non-relativistic Larmor
radiation as a → 0. However, the Unruh temperature
is related to k instead of ω, which is what a scalar type
detector predicts. Similar result has been found in two
energy-level-atom case[19].
VI. CONCLUSION
We reviewed the standard Unruh-DeWitt detector and
extend it to a vector type of Unruh-DeWitt-like detector.
This new detector can give more realistic results in the
context of radiation from a charged accelerated device.
If the detector does not have an energy gap between its
eigen states, the result is the same as the Larmor radi-
ation. This confirms that Unruh radiation and Larmor
radiation are two parts of the same phenomenon which
are observed by different observers[17]. Unruh radiation
is seen by an accelerated observer and Larmor radiation
is seen by an inertial frame observer. In other words,
Unruh radiation is observed within the accelerated ob-
server’s horizon, while Larmor radiation is the part that
falls into the accelerated observer’s horizon.
We also considered Unruh radiation for a long-time
(but finite) uniformly accelerated observer. The effect is
shown in equation 19. Radiation is still characterized by
Unruh temperature T = a2pi , but also depends on ω + k.
This implies that some of the energy is extracted from the
accelerated source to the excited detector. This energy is
radiated outside of the horizon (Larmor radiation part).
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